Abstract. The reproductive phase of chickpea (Cicer arietinum L.) is more sensitive to water deficits than the vegetative phase. The characteristics that confer drought tolerance to genotypes at the reproductive stage are not well understood; especially which characteristics are responsible for differences in seed yield under water stress. In two consecutive years, 10 genotypes with contrasting yields under terminal drought stress in the field were exposed to a gradual, but similar, water stress in the glasshouse. Flower number, flower + pod + seed abortion percentage, pod number, pod weight, seed number, seed yield, 100-seed weight (seed size), stem + leaf weight and harvest index (HI) were recorded in well watered plants (WW) and in water-stressed plants (WS) when the level of deficit was mild (phase I), and when the stress was severe (phase II). The WS treatment reduced seed yield, seed and pod number, but not flower + pod + seed abortion percentage or 100-seed weight. Although there were significant differences in total seed yield among the genotypes, the ranking of the seed yield in the glasshouse differed from the ranking in the field, indicating large genotype Â environment interaction. Genetic variation for seed yield and seed yield components was observed in the WW treatment, which also showed differences across years, as well as in the WS treatment in both the years, so that the relative seed yield and relative yield components (ratio of values under WS to those under WW) were used as measures of drought tolerance. Relative total seed yield was positively associated with relative total flower number (R 2 = 0.23 in year 2) and relative total seed number (R 2 = 0.83, R 2 = 0.79 in years 1 and 2 respectively). In phase I (mild stress), relative yield of seed produced in that phase was found to be associated with the flower number in both the years (R 2 = 0.69, R 2 = 0.76 respectively). Therefore, the controlled drought imposition that was used, where daily water loss from the soil was made equal for all plants, revealed genotypic differences in the sensitivity of the reproductive process to drought. Under these conditions, the seed yield differences in chickpea were largely related to the capacity to produce a large number of flowers and to set seeds, especially in the early phase of drought stress when the degree of water deficit was mild.
limited chickpea seed yield during terminal drought stress. In most of the above mentioned studies, 1-6 genotypes were used and it is not clear whether all genotypes were exposed to similar rates of drying. Therefore a question remains whether the observed effects were actual sensitivity differences in the reproductive phase, or whether they were consequences of differences in the soil water status during the drying phase. In the current study, the application of a controlled slow progressive water deficit was imposed to ensure an equal availability of soil water for all genotypes throughout the stress treatment using a protocol (dry-down method) used earlier in chickpea (ZamanAllah et al. 2011a) . This protocol minimises differences in water use due to differences in leaf area, conductance, or rooting. It also allowed us to distinguish between a phase of mild stress when the water loss of the water-stressed plants was between 100 and 50% of that in the fully irrigated plants, and a subsequent phase of severe stress when the water loss of the water stressed plants was less than 50% of that in the fully irrigated plants.
The objective of the study was to test whether there is genetic variation in the sensitivity of reproductive biology to a controlled water stress, and, if so, to assess the variables that lead to greater reproductive success under controlled water stress. The work was conducted on 10 chickpea genotypes that were previously observed to contrast for seed yield under terminal stress in the field (Krishnamurthy et al. 2010) . More specific objectives were to: (i) assess flower and pod number and their abortion along with yield components of the chickpea genotypes during a phase of mild stress and the subsequent phase of severe water stress in comparison with the same genotypes given adequate water; (ii) test whether tolerant genotypes have different responses to the slow soil drying from sensitive genotypes during either or both of the two stress phases; and (iii) determine whether any parameter is linked directly or indirectly to higher yields in the water-deficit treatment.
Materials and methods
This study was conducted in the glasshouse at the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, India (17 30 0 N, 78 16 0 E; altitude 549 m above sea level). Ten chickpea genotypes from ICRISAT's mini-core and reference collections (Upadhyaya and Ortiz 2001; Upadhyaya et al. 2008) were selected based on observed differences in yield under terminal drought conditions in the field at ICRISAT (Krishnamurthy et al. 2010 
) -five drought-sensitive (S) and five drought-tolerant (T) -ICC8058 (S), ICC4814 (S), ICC3776 (S), ICC7184 (S), ICC7323(S), ICC3325 (T), ICC867 (T), ICC8950 (T), ICC14799 (T), and ICC2263 (T).
The genotypes came from a range of countries and had comparable times to flowering and maturity (see Table S1 , available as Supplementary Material to this paper).
Plant growth
One hundred and fifty 275 mm diameter pots filled with 9 kg of autoclaved vertisol (fine montmorillontitic isohyperthermic typic pallustert) were sown with four seeds per pot after the seeds were treated with Thiram (Sudhama Chemicals Pvt. Ltd, Gujarat, India) to control seed-borne infections. In the first week of December 2009 and in the third week of December 2010, 15 pots were randomly assigned to each genotype. The maximum day/night temperature and RH was 28.5/15 C and 40/90% in year 1 and was 32/15 C and 35/85% in year 2. The maximum and minimum VPD ranged between 0.2 and 2.3 KPa in year 1 and 0.3 and 3.1 KPa in year 2.
All the pots were thinned to two plants per pot 14 days after sowing (DAS) and maintained well watered (WW) until the first flower had opened in all genotypes. Among the 15 pots per genotype, 12 pots with healthy similar-sized plants were selected for the experiment.
Exposure to water deficit
At flowering (50 DAS), the plants were exposed to two watering treatments: six replicate pots in each genotype were kept well watered (WW) and six replicate pots were water stressed (WS). All pots were watered to excess and allowed to drain overnight to field capacity. The following morning each pot was enclosed in a transparent plastic bag that was wrapped around the base of the stem to prevent evaporation from the soil and subsequently weighed at 100% field capacity. Thereafter, all pots were weighed each morning at 0900 hours Indian Standard Time (IST) and the rate of daily transpiration was calculated as the difference in weight between successive days. The experimental design was a randomised block design (RBD) with two treatments, WW and WS as the main factor, and genotypes as the sub-factor randomised in each main block.
To avoid waterlogging, the WW plants were maintained at 90% field capacity throughout the experiment. The WS treatment was imposed gradually by allowing the plants to lose only a maximum of 70 g of water per pot each day to avoid a too rapid imposition of water stress. Water loss >70 g pot -1 day -1 was added back, as described by Vadez and Sinclair (2001) . In this way, all the plants in the water-stressed treatment were reset to the same soil moisture content on each day of the experiment, regardless of their size and water use, until the water loss was <70 g pot -1 day -1
. In fact, all the pots lost more than 70 g per day, so that the soil moisture declined at a very similar rate. It was only at later stages (phase II) that there were slight differences in the daily water losses but not sufficient to lead to major FTSW differences.
Estimation of normalised transpiration ratio
In order to compare the transpiration rate of the WS plants to the fully irrigated (WW) controls, the transpiration data was subjected to two normalisations (see Vadez and Sinclair 2001 
where TRij is the daily transpiration ratio. Then to minimise the differences in plant size within a genotype, the transpiration ratios of each day for each individual plant was divided by the mean TR of the first 3 days, i.e. before there was any stress. The normalised transpiration ratios, NTRi, were then:
Once the transpiration rate had started to decrease compared with the fully irrigated controls, that is when the NTR values fell below 1.0, the water stress treatment was divided into two phases based on the NTR values: phase I was when the NTR values were between 1.0 and 0.5 (100 and 50% of the irrigated controls), i.e. a mild stress, and phase II was when the NTR values were between 0.49 and 0.10 (49-10% of the irrigated controls), i.e. a severe stress. Based on a typical drydown curve (data not shown), the transition from the non-stress to phase I (NTR falls below 1) was therefore when the fraction of transpirable soil water (FTSW, see below for calculation) was between 50 and 60%). The transition from phase I to phase II occurred at a FTSW between 20 and 30% FTSW. By definition of the NTR at the end of phase II there was no more transpirable soil water in the pots and therefore the FTSW was down to zero. No leaf water potentials were taken. The exposure to water stress was terminated for each genotype when the NTR value of the WS plants fell below 0.1, i.e. when the transpiration of WS plants was less than 10% of that in WW plants and when it was assumed that stomata were fully closed (Sinclair and Ludlow 1985) . Once the NTR values of the WS plants had dropped below 0.1 (79-85 DAS in year 1 and 81-87 DAS in year 2), they were given one amount of 400 mL of water to stop the stress treatment, whereas no water was given to WW plants. This amount represented 18% of the water required to bring the soil to 100% FC and insufficient to allow any regrowth or flowering. The purpose was not to attempt a recovery phase but to let the plants mature and completely dry before harvest 15-21 days later in year 1 and 11-17 days later in year 2. In any case, at this stage flowering had ceased and this period of the crop cycle had no bearing on the final yield results.
Estimation of fraction of transpirable soil water (FTSW) and relationship with transpiration
The fraction of transpirable soil water (FTSW) was backcalculated for each day of the experiment after the water stress was relieved. FTSW is the fraction of water available in the soil for plant transpiration between the stage when the soil is at field capacity and that when transpiration has become negligible and when it was considered there was no longer any water available for transpiration, i.e. when the NTR was below 0.1. Therefore the FTSW is set at 1 when the soil is at field capacity (100%) and 0 when NTR falls below 0.1. The difference in pot weight between field capacity (the first weighing of pots) and FTSW = 0 (the pot weight when NTR reaches 0.1) provides the total transpirable soil water (TTSW) of the pot. TTSW is then used to calculate daily FTSW on any day 'n' such as:
where weight FC and weight day n are the pot weight at field capacity and on every single day 'n'. For each plant of a genotype, the daily NTR values were plotted as a function of FTSW value. A plateau regression procedure (Ray and Sinclair 1998) was used to determine the FTSW threshold (t) when NTR began to decrease i for each genotype. The plateau regression procedure carried out iterations of the NTR data starting at FTSW = 1 (wet soil) and fitted them to y = 1 equation. When y = 1 was no longer the best fit for the response of NTR to FTSW, data were fitted to a linear decline equation. The FTSW threshold (with confidence interval) at which NTR began to decrease was taken as the intersection between the plateau (y = 1) and the linear decline equation.
Parameters measured
Each flower that developed was identified daily with a short piece of wool thread placed at the node; different colour threads were used in Phase I and Phase II in the WS treatment. When 90-95% plants of a given genotype in the WS treatment entered into phase II, the colour of the thread was also changed in the WW plants of the corresponding genotype, thus, dividing the WW treatment into phase I and phase II for comparison of each phase across water regimes. Identification of flowers with the threads was discontinued in the WW treatment at the end of phase II. The plants were harvested at maturity after complete drying (101 DAS in 2009 , 104 DAS in 2010 -2011 by cutting the plants at soil level and oven-dried at 65
C for 48 h before measurement of the plant components. The stem + leaf weight was separated for each plant per pot and the mean calculated per pot. Flowers were counted from the number of threads in each phase. At harvest, the threads and corresponding pod were put into one of the two categories: (i) threads where no pod was present or the pods were empty or had only undeveloped seeds, and (ii) threads with large pods containing one or two seeds (chickpea has a maximum of two seeds per pod). Category (i) represented the flower + pod+ seed abortion, and category (ii) represented the fertile pods with complete seed development. The seed number was recorded by hand threshing the fertile pods in category (ii) and subsequently weighed to obtain seed weight from each pot of each genotype and treatment. The seed weight obtained from flowers and pods identified in phase I, phase II and their sum are mentioned as 'phase I seed yield', 'phase II seed yield' and 'total seed yield' respectively. Except for the stem + leaf weight and the harvest index, the seed and pod parameters were measured separately for phase I and phase II. All the parameters that were evaluated separately in phase I, phase II and their sum (phase I + phase II) were prefixed with the terms phase I, phase II and total. The 100-seed weight was calculated by dividing the seed yield by the seed number and multiplied by 100 (total, phase I and II). The harvest index at maturity was calculated from the ratio of total seed yield to total aboveground plant dry weight. The total flower + pod + seed abortion percentage was calculated by dividing threads in category (i) where no pods or pods with no or small pods were recorded by total thread (total flower) number multiplied by 100.
Statistical analysis
The data were analysed using GENSTAT 12.0 (VSN International Ltd, Hemel Hempstead, UK) where an Unbalanced Analysis of Variance was conducted for all observed parameters. To calculate FTSW threshold SAS 9.2 software (SAS Institute, Cary, NC, USA) was used. Differences between mean values of treatments were evaluated using the least significant difference (l.s.d.) at a 0.05 significance level. The data were plotted and linear regressions were fitted using Microsoft Excel 2007 (Microsoft Corp., Redmond, WA, USA).
Results

Development of water stress
Phases I and II were longer in year 2 than in year 1 (Table 1) . In year 1, the mean duration across genotypes of phase I and phase II was 11 days, whereas in year 2, phase II was shorter by an average of 3 days (Table 1 ). The FTSW threshold values when NTR began to decrease varied between 0.56 and 0.83 in year 1 and between 0.67 and 0.86 in year 2. There was no significant difference in the threshold values between the putatively tolerant group and putatively sensitive group of genotypes from the field evaluation and no significant correlation between the threshold values and drought tolerance (relative yield in the glasshouse) among the genotypes in either year 1 (R 2 = 0.12) or in year 2 (R 2 = 0.09) (data not shown).
Comparisons across years and stress phases
When averaged across the 10 genotypes, phase II flower number, phase II seed number and phase II seed yield were lower than in phase I in the WW treatment in year 2 and in the WS treatment in both the years, indicating that values of the reproductive stage parameters, except the total 100-seed weight, decreased with time, even under WW conditions ( Fig. 1 ). There was also a year effect in these results. However, the differences between phase I and phase II were greater in the WS treatment, indicating a specific effect of the severe stress treatment on parameters (flower number, seed number and seed yield), particularly in year 2 (Fig. 1 ). The phase I flower + pod + seed abortion percentage was greater in the WS treatment than in the WW treatment only in year 1 (Fig. 1 ).
Genotype and genotype Â year interaction
Although the experiments were conducted in a controlledenvironment glasshouse during both years, there were significant genotype Â year interactions for most parameters ( Table 2 ), indicating that the conditions in the 2 years of experiment were very different. In the WW treatment, the genotype and genotype Â year interactions were significant for all parameters in both phases except for phase II 100-seed weight, and the phase II seed yield varied among genotypes under WW condition in both the years (Table 2 ). The F-statistic value suggests that the interaction effect between genotype and year had an effect that was equal or larger than the effect of genotype on phase I and phase II flower + pod + seed abortion percentage and phase I and phase II flower number in the WW treatment, indicating a strong influence of the year on these parameters. For the other yield components in phase I and phase II (pod and seed number, pod weight and seed yield, but not 100-seed weight) the genotype Â year interactions were also significant, but the F-statistic values were larger for the genotype component indicating these variables were strongly affected by the genotype. In summary, the 2 years offered different conditions to the trials, which affected some aspects of the experiment, but it was most significantly the genotypic effects that were dominant in the variations. In the WS treatment, the genotypes differed significantly for all parameters except phase II flower number and phase I and phase II flower + pod + seed abortion percentage. The interaction between genotype Â year was not significant for phase I and phase II 100-seed weight and for phase II flower number and phase II flower + pod + seed abortion number. The F-statistic values suggested strong genotype Â year interaction effects on the phase I and phase II flower + pod + seed abortion percentage and on the phase I flower number. The F-statistic value suggests that the relative stem + leaf weight, relative total seed number, relative phase I pod weight were determined by genotype Â year interaction effects, whereas relative total pod weight, relative harvest index, relative phase I flower number and relative phase II flower + pod + seed abortion percentage were determined largely by the genetic component.
Genotype and genotype Â treatment interaction
The genotypes varied significantly for all parameters in phase I in both years and the WS treatment has a significant effect on all parameters except phase I flower number in year 1. However, the genotype Â treatment interaction was not significant in year 1 for any parameter, and in year 2, although the genotype Â treatment interaction were significant (Table 3) , the F-statistic values were higher for the genotype component, indicating that variation in the different parameters was strongly driven by the genetic component.
As the genotypes varied significantly under both WW and WS treatments in both years and no or limited genotype Â treatment interaction was found, the variation in the WS treatment might be the result of differences in the WW treatment. Therefore, we calculated the relative values (WS/ WW) of the parameters to remove possible differences among the genotypes under WS conditions that might arise from differences in the WW treatment. The absolute (in the WS treatment) and relative values of total seed yield (Table 4) and phase I and phase II seed yield (Table S3) were ranked in the order of high to low seed yield. This was to assess whether the high yielding genotypes in the WS treatment had high potential yields (high yields in the WW conditions) and whether they showed any similarity to the drought tolerance Drought stress during reproduction in chickpea Functional Plant Biologyscores found in the field and which were used to classify the genotypes into drought tolerant and drought sensitive genotypes in this study. The ranking of the total seed yield in the WS treatment did demonstrate that the group of putatively drought tolerant genotypes had higher total seed yield than the putatively drought sensitive genotypes in year 1 and in four of the five genotypes in year 2. However, the ranking of the relative values of total seed yield, phase I seed yield and phase II seed yield did not match the ranking of the absolute seed yield values in either of the years (Table 4; Table S3 ).
Seed yields and seed yield components
In the WW treatment, the phase I and phase II seed yields varied significantly among most of the genotypes in both years ( Fig. 2 ) and this genetic variation was also apparent in the phase I and II (Tables 5, 6 ). Likewise, in the WS treatment, there were significant differences among the genotypes in total seed yield and in phase I and phase II seed yield (Fig. 3 ). There was also genetic variation in phase I and phase II seed number except in phase II, year 2, and in phase I flower + pod + seed abortion percentage, year 1 (Tables 5, 6 ).
Relative total values of parameters to relative total seed yield
The relative total seed number, i.e. the ratio of the total seed number in the WS treatment to that in the WW treatment was found to be closely related to the relative total seed yield in both the years (R 2 = 0.83, R 2 = 0.79) (Fig. 4) . By contrast, the relative total 100-seed weight was not related to the relative total seed yield in both the years (R 2 = 0.008, R 2 = 0.057) (data not shown). The relative total flower number was found to be significantly associated with relative total seed yield in year 2 (R 2 = 0.23), but not in year 1 (R 2 = 0.039), but the relative total flower + pod + seed abortion percentage was not associated with the relative total seed yield (drought tolerance) in either year (R 2 = 0.002, R 2 = 0.009) ( Table 7) . The relative harvest index also showed significant correlation to relative total seed yield in both the years (R 2 = 0.39, R 2 = 0.53). The relative total pod number and relative total pod weight were also significantly correlated (R 2 = 0.42 and 0.97, year 1, R 2 = 0.80 and 0.96, year 2) with relative total seed yield in both years (data not shown).
Relative values of parameters in phases I and II to relative total seed weight
In year 2, the relative phase I pod number (R 2 = 0.41), relative phase I flower number (R 2 = 0.42), were found to be significantly and positively associated to relative total seed yield. The relative phase I seed number was associated with high relative total seed yield in both years (R 2 = 0.46, year 1, R 2 = 0.45, year 2) and in phase II (R 2 = 0.31, in year 1), but not in year 2, as very few seeds were set. Similarly, the relative total pod weight (i.e. the ratio of the pod weight in the WS treatment to that in the WW treatment) was more closely related to the relative phase I pod weight (R 2 = 0.56, year 1, R 2 = 0.45, year 2), than in phase II (R 2 = 0.44, in year 1). The relative phase I seed number significantly contributed to relative phase I seed yield in both the years (R 2 = 0.78, year 1, R 2 = 0.46, year 2) and a similar trend followed in phase II (R 2 = 0.89, year 1, R 2 = 0.19, year 2) ( Table 7 ). This suggests that the setting of a high seed number was important in the production of high seed yields when the stress was both mild and severe. The contribution of phase II seed yield to total seed yield was still significant, indicating that the number of seeds under severe stress conditions also contributed substantially to the total seed yield. The relative phase I flower number contributed more significantly (R 2 = 0.26, year 1, R 2 = 0.46, year 2) to relative phase I seed yield compared with the case in phase II (R 2 = 0.11, year 1, Drought stress during reproduction in chickpea Functional Plant Biology G R 2 = 0.09, year 2) (Table 8) suggesting that the production of a high flower number under mild stress led to higher seed yield. However in both years, the relative total seed yield was more closely related to the relative phase I seed yield than to the relative phase II seed yield, indicating that most of the genetic variation for the sensitivity of the reproductive phase to water stress was expressed under a mild water stress (Tables 7, 8 ).
Discussion
Comparison of drought tolerance/sensitivity in this glasshouse study with previous measures of drought tolerance/sensitivity in the field
In the WS treatment, the total seed yield of the genotypes that were observed to be higher yielding when exposed to terminal drought in the field remained higher than most of the sensitive genotypes in the present study (Fig. 3) . This was also true for the phase I seed yield, but was not the case when measured in the pods produced in phase II when the stress was more severe. It is noted that several of the sensitive genotypes had also a poor yield under WW conditions, suggesting that part of the differences under WS conditions was explained by differences in the yield potential. Thus, the relative values were calculated for each parameter. The ranking for relative total seed yield differed from the ranking of absolute yields in the field in both years indicating that the yield potential of genotypes explained in part the performance of the genotypes under stress conditions. Therefore, we used the relative values to analyse the possible causes for reproductive success in the drought-tolerant genotypes.
Effect of drought on reproduction (flower, seed and pod numbers)
The maintenance of a high flower, pod and seed number led to high seed yield in this study (Fig. 4) . There was a very significant and strong positive relationship between the relative total seed number and relative total yield in both years (Fig. 4) . As relative seed size did not vary, the role of seed number in determining yield was clearly important. The variation in relative seed number among genotypes was largely the result of the variation in the relative flower number. There was a positive relationship between the relative total seed yield and the relative total flower number at least in 1 year (year 2) (Tables 7, 8) , and also clear relationships between the flower number produced in phase I and the relative seed yield produced in that phase in both years. In contrast, there was no association between the relative total seed yield and the relative total flower + pod + seed abortion in either of the years. Therefore, the genotypes that achieved high yields in the water stress treatment were those producing a large number of flowers, but not those that aborted fewer flowers + pods + seeds. The ability to produce a high number of flowers was particularly important in the phase I (the mild stress) ( Tables 7, 8 ) and this led to higher phase I seed yield and thus overall. Chickpea as an indeterminate crop that continues to produce flowers, pods and set seeds while water is available (Croser et al. 2003) . When the plants undergo water shortage, our results suggest that continuing to produce a high number of flowers and pods during the initial phase of mild water stress was a key factor in enhancing yield. Production of a large number of flowers was also found to be a key yield determinant under saline stress in chickpea (Vadez et al. 2012) . These findings could be somewhat counterintuitive -we would expect that a lower seed/pod abortion rate would be more favourable. The results may therefore suggest that the key step in the reproductive process is to successfully fertilise flowers and generate a young fertile embryo. The production of many flowers would indeed increase the chances of success of that key step. This would of course need further research. Drought stress during reproduction in chickpea Functional Plant Biology I The fact that there was only a weak association between the relative phase II seed yield and the relative phase II flower number indicated that much of the discriminatory effect of drought took place under mild stress conditions. Ontogenetic effects on flower production observed in both the WW and WS treatments presumably contributed to the poor association between flower number and seed yield in phase II. Moreover, in the present study, the later-formed flowers/pods had a 20% higher abortion percentage than the early-formed ones in waterlimited environments in both the years in agreement with Fang et al. (2010) . The ability of flowers to set pods is influenced by several environmental factors in addition to cultivar, and a large proportion (50-80%) of flowers do not develop pods even under WW conditions (Clarke and Siddique 1998; Fang et al. 2010) . As the environmental conditions in the glasshouse and the development of the water stress in phase I was similar in all genotypes, the differences in flower and seed production was largely genetic and this genetic variation in flower production in response to mild stress is clearly worthy of further investigation. The 100-seed weight in both the mild and severe WS was not affected by the WS treatment compared with the WW treatment, indicating that the seed filling was maintained under the controlled water stress conditions of this study. This suggests that once the seed enters the phase of rapid dry weight accumulation, the young seeds already developed had priority for assimilates rather than the small seeds early in their development. Also, during seed development, the decrease in source : sink ratio may increase the abortion of young pods, but not the rate of seed growth in filling pods (Turner et al. 2005) .
Therefore, reproductive success in a water-limited environment appears to be linked to the capacity to produce a large number of flowers and retain a high number of fertile seeds, while maintaining the filling of these seeds. These results are very similar to the finding of Vadez et al. (2012) where the salinity tolerance was determined by maintenance of relatively large number of seeds in early and late-flowering chickpea genotypes.
Genotypic variation in threshold values -value of the dry down method
Previously water deficit and terminal drought studies have been carried out at both the vegetative and reproductive stages (Leport et al. 2006; Fang et al. 2010 Fang et al. , 2011 Krishnamurthy et al. 2010; Zaman-Allah et al. 2011a , 2011b . In this study, the water stress was gradually imposed to 10 genotypes from the onset of flowering. The slow dry down by re-watering to the same soil water level in all genotypes overcomes the drawback of simply imposing a water deficit by withholding water when plants vary in leaf area and rates of transpiration and are then exposed to different rates of development of water deficit (Harb et al. 2010) . The fact that we found a different ranking in the relative seed yield in these experiments and in the field indicate that we revealed specific sensitivities of genotypes to a controlled water stress imposed during reproduction. For instance, field tolerant ICC867 had ranking values close or equal to those of the sensitive genotypes, indicating that this genotype must have its reproductive stage particularly sensitive to the application of a water stress. In contrast, field sensitive ICC7184 had high relative seed yield values, indicating that the low yield of this genotype in the field was not related to the sensitivity of its reproduction to drought.
The FTSW threshold values, measured here during the reproductive phase, tended to be slightly higher than those reported by Zaman-Allah et al. (2011b) , measured in the vegetative phase of chickpea. In our study, although we found higher levels of genotypic variation among genotypes in t, the threshold values did not differ between the putatively tolerant and putatively sensitive genotypes either based on absolute or relative total seed yield as also observed under glasshouse conditions by Zaman-Allah et al. (2011b) . Although the rates of development of water deficit were similar among genotypes within years in the present study, they were not identical Table 7 . Relationship between relative total seed yield (RTSY) and relative total values of flower number in year 1, flower number in year 2, flower + pod + seed abortion % in year 1, flower + pod + seed abortion % in year 2, phase I seed yield in year 1, phase I seed yield in year 2, phase II seed yield in year 1, phase II seed yield in year 2, phase I flower number in year 2, phase I pod number in year 2 for 10 genotypes Equations are the fitted linear regressions with the correlation coefficients and level of significance: *, P < 0.05; **, P < 0.01; n.s., not significant at P = 0.05 RSY-Ph1 = 0.2982x + 0.0552RPhIIFNY2, r 2 = 0.0939 n.s across years, in part because of plant size differences across years, probably caused by differences in environmental conditions such as radiation or vapour pressure deficit that were not controlled in the glasshouse. However, these environmental differences had little effect on yield, which was mostly driven by genotypic variation, but had a substantial interaction effect on the parameters, seed number and flower number.
Conclusion
The slow dry down approach used in this study was a useful methodology for controlling the WS treatment imposition in pots in the glasshouse and for the imposition of similar intensities of water deficit across genotypes irrespective of plant size. Although the ranking for total seed yield under WS in this work did not correspond with the total seed yield ranking in the field, particularly when differences in potential yield were taken into account. We consider that this was the result of a large genotype Â environment interaction that was evident not only between the field and glasshouse, but also between years. From the relative parameter values, genotypic differences in total and phase I seed yield under WS conditions were mostly driven by the number of flowers produced and the number of seeds that were set under the mild stress conditions, but not by the total flower + pod + seed abortion percentage or the 100-seed weight. Seed size (100-seed weight) was conserved across treatments suggesting that seed set was adjusted to maintain seed size and viability. The factors that determine the genetic variation in flower production and seed set as water deficits develop requires further investigation.
